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Abstract 
Although a substantial portion of IT spending has shifted to the cloud, empirical evidence on economic 
value of cloud computing is lacking. This study examines the effect of cloud computing on productivity and 
scrutinizes how its effect differs depending on environmental uncertainty. Using publicly available data on 
the product sales and the inter-industry purchase flows, we measure purchased cloud services in U.S. 
industries during 1997-2018 and distinguish between software-as-a-service (SaaS) and infrastructure-as-
a-service (IaaS). Employing a production function approach, our findings suggest that cloud computing 
investments do not always lead to productivity gains, but its effect varies by the level of environmental 
uncertainty. Specifically, while cloud computing contributes to productivity under high environmental 
uncertainty, it may have an adverse effect under stable environments. Further, this positive impact under 
uncertain environments is found to be driven mainly by IaaS, rather than SaaS. This study provides 
important implications on cloud computing investment strategies. 
Keywords 
Cloud computing; Software-as-a-Service; Infrastructure-as-a-Service; IT outsourcing; IT impacts; 
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Introduction 
Information technology (IT) investments have been suggested as a main driver of productivity and 
organizational performance (Brynjolfsson and Hitt 1996; Melville et al. 2004). Over the past decade, cloud 
computing—providing IT services such as data processing, hosting, and IT infrastructure provision over the 
Internet—has been widely adopted by businesses all over the world due to such benefits as elasticity, 
scalability, always-on availability, and pay-as-you-go pricing (Marston et al. 2011). Gartner (2018) predicts 
that 28 percent of IT spending will shift to the cloud by 2022 and accordingly more than $1.3 trillion in IT 
spending will be directly or indirectly affected by the shift to cloud by 2022. Despite the rapid expansion of 
cloud computing investments, whether cloud computing pays off is not clear. On one hand, cloud 
computing has been widely touted for its potential benefits such as reduced operating costs and 
infrastructure overhead and scalability. On the other hand, cloud-based services and business models are 
not without risk due to cloud implementation failures (Kathuria et al. 2018). Practitioners point to the 
potential risks and costs associated cloud migration, including lack of customization, loss of transparency 
and control, and security risks (CIO Magazine 2019). However, there has been a paucity of research efforts 
to estimate the business value of cloud computing (Benlian et al. 2018), especially at the broader economy 
level. To fill this gap, this study addresses the following research questions: Do investments in cloud 
services contribute to productivity? Under what conditions are the payoffs from cloud computing 
investments greater? 
 Returns to Cloud Computing Investments 
  
 Americas Conference on Information Systems 2 
In contrast to traditional IT outsourcing, cloud computing allows clients to flexibly respond to 
uncertain customer demand and meet the excess requirement without incurring the costs of hosting a 
traditional infrastructure during low-demand periods (Marston et al. 2011). Instead of spending budget on 
irreversible infrastructure capacity to handle a sudden and unanticipated increase in demand, firms can 
use cloud services to handle the increased volume without impacting performance, by using additional 
infrastructure based on a pay-as-you-go pricing and then shrinking back to a lower capacity. Such elastic 
utilization of IT resources from cloud services allows organizations to avoid extensive upfront planning, 
capital expenditure, lengthy implementation times, and long-term contracts. Thus, cloud computing helps 
organizations be more agile and responsive, facilitating a rapid expansion of their offerings, new market 
entrance and business process redesign (Battleson et al. 2016; Fazli et al. 2018; Kathuria et al. 2018). Given 
that business flexibility and responsiveness are required to navigate external environments (Sambamurthy 
et al. 2003), environmental uncertainty would play a critical role in value creation and productivity gains 
from cloud computing investments. However, the empirical evidence on economic value of cloud computing 
and moderating role of environmental uncertainty is lacking. 
In order to examine the productivity effects of cloud computing and the moderating role of 
environmental uncertainty, we construct an industry-level measure of cloud computing based on cloud 
services purchased by U.S. industries during 1997-2018. We do so by combining the detailed product sales 
data from the U.S. Economic Census and the inter-industry purchase flows from input-output tables. One 
important advantage of our measure is that it allows us to distinguish two different types of cloud computing: 
software-as-a-service (SaaS) and infrastructure-as-a-service (IaaS). Employing a production function 
approach, we separate cloud computing and non-cloud IT services from intermediate inputs, which is 
consistent with prior studies (Han et al. 2011).  
Our findings demonstrate that payoffs from cloud computing investments are not universal; rather, we 
find significant differences in cloud computing’s contributions to productivity depending on environmental 
uncertainty. Specifically, cloud computing contributes to the productivity under unstable and uncertain 
environments, whereas it can have an adverse effect under very low uncertainty. In addition, the positive 
contribution of cloud computing to productivity under highly unstable environments seems to be driven 
mainly by IaaS, rather than SaaS. Under such conditions, the marginal product of IaaS is estimated as 
dozens greater than those of internal IT capital and non-cloud IT outsourcing. 
We contribute to the literature on business value of IT, which has received great attention from prior 
IS studies (Brynjolfsson and Hitt 1996; Han et al. 2011), by being among the first to empirically examine 
the economic value of cloud computing investments. Although a few studies examine the effects of cloud 
computing on firm performance (Jin and McElheran 2019; Kathuria et al. 2018), to the best of our 
knowledge, our research provides the first empirical evidence on the contingent effects of cloud computing 
investments depending on environmental uncertainty. Moreover, using a new measure of industry-level 
cloud service purchases, this is the first to disentangle the effects of SaaS and IaaS under unstable and 
uncertain environments, thus echoing the critical role of IaaS in productivity gains. Our findings provide 
important implications on cloud computing investment strategies. 
Related Literature and Theoretical Framework 
Productivity of IT Outsourcing and Cloud Computing 
A large stream of the IS literature has examined the economic value of IT over the past few decades, 
confirming a positive relationship between IT investments and productivity at the firm, industry, and 
country levels (Brynjolfsson and Hitt 1996; Dewan and Kraemer 2000; Jorgenson and Stiroh 2000; 
Melville et al. 2004; Stiroh 2002; Tambe and Hitt 2012). As IT outsourcing—the use of a third-party vendor 
to provide IT services that were previously provided internally—has accounted for an increasingly large part 
of total IT investments, studies have documented the significant role of IT outsourcing in productivity gains 
(Agrawal et al. 2006; Han et al. 2011). Chang and Gurbaxani (2012) suggest that IT knowledge transmitted 
from vendors is a major driver of productivity gains from IT outsourcing. Thouin et al. (2009) argue that 
outsourcing network and telecommunication services that have become commodities (i.e., low-specificity 
assets) is positively related to the focal firm’s financial performance. Han and Mithas (2013) further present 
empirical evidence that IT outsourcing can contribute to the reduction in non-IT costs by increasing the 
operational efficiencies of existing processes and allowing the reallocation of internal IT resources. 
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Although the IT outsourcing markets have been experiencing a fundamental shift caused by cloud 
services, business value of cloud computing has received less attention in the prior literature (Benlian et al. 
2018). Jin and McElheran (2019) suggest that cloud computing contributes to lowering the failure rate and 
increasing productivity for young manufacturing plants. Using data on U.K. firms, DeStefano et al. (2019) 
argue that cloud computing leads to the growth of young firms in terms of employment and labor 
productivity. Kathuria et al. (2018) propose a strategic value appropriation path from cloud computing 
capability to firm performance. In addition, there are attempts to gauge the economic value of cloud 
computing at the macroeconomic level (Deloitte 2019; Hooton 2019; Wauters et al. 2016). While some 
evidence on the role of cloud computing in productivity and firm performance has been accumulated, to the 
best of our knowledge, the distinct roles of different types of cloud services (i.e., SaaS versus IaaS) remain 
underexplored in the literature. Moreover, the moderating role of environmental uncertainty has not been 
yet validated with rigorous empirical evidence, which is our primary focus. 
Environmental Uncertainty and Cloud Computing 
The IS literature on business value of IT has documented the role of competitive regimes and environmental 
uncertainty—the degree to which future states of the competitive environment cannot be anticipated or are 
difficult to predict, creating uncertainty in decision-making (Dess and Beard 1984). Prior research has 
revealed that environmental uncertainty moderates the IT’s impacts on productivity (Melville et al. 2007), 
make-or-buy decision (Ray et al. 2009), supply chain-related operational performance (Wong et al. 2011), 
and value of software patents (Chung et al. 2019). 
An unique feature of cloud computing is its ability to replace clients’ fixed cost of internal IT 
infrastructure with usage-based variable costs for IT services from the cloud (Armbrust et al. 2010). In 
particular, cloud platforms allow clients to choose from myriads of configuration options that will fulfill 
their specific needs in response to the markets and external environments (Benlian et al. 2018). These 
cloud-based IT services allow for greater flexibility and experimentation in the face of uncertainty by 
avoiding the necessity for extensive upfront planning, capital expenditure, lengthy implementation times, 
and long-term contracts. In addition, decoupling of IT recourses through virtualization facilitate flexible 
and elastic scaling (Benlian et al. 2018), and the scalable cloud services also perform large batch-oriented 
tasks as quickly as programs can scale (Armbrust et al. 2010). A case in point is Animoto, a New York-based 
online video service, that made its service available via Facebook in 2008. The company experienced a 
demand surge with 750,000 new users in three days, resulting in a dramatic increase in Amazon EC2 usage, 
from 50-100 instances to 3,400 instances (AWS 2008). Had Animoto relied on its internal IT infrastructure, 
it would have needed to purchase many additional servers, incurring huge fixed costs; however, it still would 
not have been able to scale up quickly enough, resulting in a severe disruption in its operation and the loss 
of tremendous sales opportunities. 
In this regard, cloud computing helps organizations achieve dynamic capabilities and organizational 
agility (Battleson et al. 2016; Liu et al. 2018), which help them rapidly expand their offerings, enter new 
markets, and transform their internal operations (Fazli et al. 2018). Using a survey of India companies, 
Kathuria et al. (2018) present empirical evidence that cloud computing eventually results in better business 
flexibility (responsiveness and scalability), improving firm performance. Cloud-enabled IT flexibility could 
also have a positive effect on process integration capability and thereby firm performance (Han et al. 2017). 
Given that business flexibility and responsiveness are required to navigate external environments 
(Sambamurthy et al. 2003), we expect that the productivity gains due to cloud computing would be greater 
under unstable and uncertain environments. However, it is noteworthy that the elasticity and scalability of 
cloud computing might come at a price. The cost per hour for a cloud service can actually be greater than 
the average hourly cost of an on-premise application when it is amortized over its lifespan. Thus, industries 
under relatively stable environments with certain computational workloads, putting those workloads on the 
cloud might be costlier than running them internally, undermining the productivity of cloud computing. 
Although Jin and McElheran (2019) suggest that IT services increase the productivity especially in 
high-uncertainty manufacturing industries, we have a limited understanding of how distinct types of 
cloud services (i.e., SaaS and IaaS) have an impact on productivity gains under highly uncertain 
environments. Thus, this study develops industry-level measures on SaaS and IaaS to delve into the 
moderating role of environmental uncertainty in productivity of cloud computing, which will be discussed 
in the next section. 
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Data and Variable Construction 
Data Description 
We use economy-wide panel data of U.S. private industries over the period 1997-2018, obtained from the 
Multifactor Productivity (MFP) database of the U.S. Bureau of Labor Statistics (BLS). The MFP database 
provides annual output, capital stock, labor costs, and intermediate inputs costs at three-digit North 
American Industry Classification System (NAICS) industry level. We exclude one industry that does not 
utilize any IT services—water transportation (NAICS 483). Table 1 summarizes the variables.  
 
Table 1: Summary Statistics (N = 1,254 for 57 Industries during 1997 – 2018) 
Variables Mean Std. Dev. Min. Max. Descriptions 
Output 361,499 347,923.3 13,493.64 1,636,212 Gross output by industry 
IT capital 21,253.91 49,520.65 149 664,487 
Productive capital stock of computers, 
communication equipment, and software 
by industry 
Non-IT capital 543,716.8 907,079 22,096 6,227,807 
Productive capital stock of total capital, 
excluding IT capital by industry 
Labor 126,758.4 152,720.7 5,652.25 1,107,012 Labor cost by industry 
Other intermediate 
inputs 
169,286.9 178,065.9 3,603.38 873,681.1 
Intermediate inputs, excluding cloud and 
non-cloud IT services by industry 
Non-cloud IT 
services 
3,319.63 4,778.56 35.43 34,195.09 
Purchased IT services other than cloud 
computing 
Cloud computing 395.70 789.44 0.21 8,776.25 Sum of SaaS and IaaS 
SaaS 195.53 416.21 0 4,590.30 
Purchased services of application 
provisioning (Software-as-a-Service) 
IaaS 200.17 378.24 0.18 4,185.95 
Purchased services of IT infrastructure 
provisioning (Infrastructure-as-a-Service) 
Notes: All output and input variables are in millions of constant 2012 U.S. dollars. 
 
For capital inputs, we use data on “productive capital stocks” in 2012 constant dollars, which measure 
the income-producing capacity of the existing stock during a given period (Stiroh 2002). We measure HW 
capital as the productive capital stock of “computers” and “communication equipment” in the “information 
capital” category, and SW capital as the productive capital stock of “software” in the “intellectual property 
capital” category. We calculate IT capital by adding HW and SW capital, and non-IT capital by subtracting 
IT capital from the total capital. Non-IT capital includes non-IT equipment (i.e., industrial and 
transportation equipment), structures (including lands), and intellectual property products excluding SW. 
Further, labor input is measured as labor compensation in each industry. 
In the prior literature, environmental uncertainty has been characterized by two features: industry 
dynamism and industry concentration (an inverse proxy for industry competitiveness) (Chung et al. 2019; 
Melville et al. 2007; Ray et al. 2009). Thus, we measure the industry dynamism as the volatility in industry 
sales or output (Chung et al. 2019; Melville et al. 2007). Specifically, we regress the logarithm of industry 
output on the linear time trends over a period of the previous five years with rolling windows and take the 
antilog into the standard error of the regression slope. Then, we measure industry-level environmental 
uncertainty by averaging the rolling measures of industry dynamism over the sample period 1997-2018 to 
mitigate unusual fluctuations at a certain period such as 2008 financial crisis. Additionally, we also consider 
alternative measures of environmental uncertainty: (i) the coefficient of variation for output and (ii) the 
inverse of the four-firm concentration ratio (CR4), calculated by subtracting CR4 from one, which is 
obtained from the Economic Census. 
Measurement of Cloud Computing 
To the best of our knowledge, there is no comprehensive measure on the use of cloud computing across 
industries. Thus, we adopt a novel approach to measure cloud computing services by combining industry-
wide sales across different products/services with inter-industry purchase flows. 
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First, we define product/service types of IT services outsourcing according to North American Product 
Classification System (NAPCS). Following the prior literature (Han et al. 2011; Qu et al. 2011), an industry’s 
IT outsourcing is defined as the purchased services from two IT services industries: data processing, hosting, 
and related services (NAICS 5182) and computer systems design and related services (NAICS 5415). Thus, 
we define IT services as product/service types that account for more than 1 percent of sales in two IT services 
industries. Industry sales across different product/service types by NAPCS are obtained from the Economic 
Census of the U.S. Census Bureau. 
Second, we isolate cloud-related IT services from non-cloud IT services outsourcing, given that cloud 
computing services are considered as part of IT services outsourcing (Choudhary and Vithayathil 2013). 
Among IT services, we consider “application service provisioning” as Software-as-a-Services (SaaS) and IT 
infrastructure provisioning services for website hosting, contents streaming, data storage, among others, as 
Infrastructure-as-a-Services (IaaS). Although Platform-as-a-Services (PaaS) also comprise cloud 
computing applications (Mell and Grance 2011), our measure cannot capture it because there is no 
corresponding product/service according to the current structure of NAPCS. Given that prior studies treat 
PaaS as a high-level infrastructure, compared with IaaS as a low-level infrastructure (Armbrust et al. 2010), 
we conjecture that PaaS may be split partially into a range of IT services.  
Finally, we calculate an industry’s use of cloud computing services for production by exploiting inter-
industry purchase flows. Han et al. (2011) measure industry-level IT outsourcing using an input-output use 
table, which shows the pairs of commodity output produced by one industry and intermediate inputs 
purchased and used by another industry in the economy. Using input-output use tables provided by BLS, 
thus, we sum up the purchased intermediate inputs from other industries by weighting the sales proportion 
of cloud computing for each industry:  
Cloudit = ∑(𝑠𝑎𝑙𝑒𝑠 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑐𝑙𝑜𝑢𝑑 𝑐𝑜𝑚𝑝𝑢𝑡𝑖𝑛𝑔 𝑖𝑛 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑗 𝑖𝑛 𝑦𝑒𝑎𝑟 𝑡)
𝑗
× (𝑖𝑛𝑡𝑒𝑟𝑚𝑒𝑑𝑖𝑎𝑡𝑒 𝑖𝑛𝑝𝑢𝑡𝑠 𝑓𝑟𝑜𝑚 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑗 𝑡𝑜 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑖 𝑖𝑛 𝑦𝑒𝑎𝑟 𝑡) 
Since the Economic Census renders every 5 years, the sales proportions of cloud computing services are 
linearly interpolated during 1997–2017, based on 2002, 2007, and 2012 Economic Census that are available 
at that time of analysis. 
 
Figure 1: Trends in Cloud Computing Investments in U.S. Industries (1997-2018) 
Notes: Net sales of Amazon are obtained from its annual reports. Amazon began to report Amazon Web Service (“AWS”) as a 
separate segment since its 2015 annual report. Until then, AWS sales were included in sales from non-retail activities in the North 
America segment (“North America - Others”). In 2013 and 2014, when both “AWS” and “North America - Others” statistics are 
available, AWS sales account for approximately 85% of non-retail sales in North America. 
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Figure 1 presents the trends of cloud computing services in U.S. private industries over the period 1997-
2018. This trend illustrates that cloud-related IT services have consistently increased in U.S. industries 
during the last two decades, and its growth has been accelerated since 2010. Specifically, cloud-related IT 
services have increased from 3.6 billion of constant 2012 USD in 1997 to 20.0 billion USD in 2009 to 63.1 
billion USD in 2018 in the overall U.S. economy. Our estimate resembles cloud computing market revenue 
in North America—54 billion USD in 2018—estimated by Goldstein Research and Statista.1 Along with the 
trends in our estimates of cloud computing, we present the trends in net sales of Amazon Web Services 
(AWS), the global market leader of public cloud services. This shows that the net sales of AWS have also 
increased especially since 2010 and AWS accounts for approximately 40.7% of our estimate in 2018. Given 
that AWS’s public cloud market share was estimated from 47.8% in 2018 according to Gartner 2 , our 
estimate appears to approximate the total market size of cloud computing, lending further support to the 
face validity of our measurement. 
Empirical Model 
The Cobb-Douglas production function has been extended to include intermediate inputs as a production 
input in addition to capital and labor (Stiroh 2005). A case in point is Han et al. (2011) who investigate the 
impacts of IT outsourcing on productivity by including IT services purchased from IT service industries as 
a production input. Following the literature, we use the extended Cobb-Douglas production function which 
consider intermediate inputs as a production input and further separate cloud computing and non-cloud 
IT services from other intermediate inputs as follows: 
𝑌 = 𝛼𝐼𝑇𝛽1𝐾𝛽2𝐿𝛽3𝑀𝛽4𝑂𝛽5𝐶𝐶𝛽6, 
where 𝛼 is a technological change parameter capturing total factor productivity, and Y, IT, K, L, M, O, and 
CC denote output, IT capital, non-IT capital, labor, other intermediate inputs, non-cloud IT services, and 
cloud computing, respectively. 
By taking logarithms into the Cobb-Douglas production function, we can derive an equation of log-
linear form as: 
𝑙𝑛(𝑌𝑖𝑡) = 𝛼𝑖 + 𝛽1𝑙𝑛𝐼𝑇𝑖𝑡 + 𝛽2𝑙𝑛𝐾𝑖𝑡 + 𝛽3𝑙𝑛𝐿𝑖𝑡 + 𝛽4𝑀𝑖𝑡 + 𝛽5𝑂𝑖𝑡 + 𝛽6𝑙𝑛𝐶𝐶𝑖𝑡 + 𝜏𝑡 + 𝜀𝑖𝑡, 
where a random error for industry i in year t (𝜀𝑖𝑡) is considered. Given that our datasets cover the entire 
private industries, we include the industry fixed effects (𝛼𝑖) to account for the unobserved time-invariant 
heterogeneity across industries (e.g., technological change, regulations, production processes). 
Additionally, the year fixed effects ( 𝜏𝑡 ) are included to control for common shocks to the economy 
experienced by all industries (e.g., financial crisis, nationwide trends in cloud computing). 𝛽6  is the 
coefficient of our interest, which indicates the output elasticity of cloud computing—the percent change of 
output led by a one-percent increase in purchased services of cloud computing. In analyzing the moderating 
role of environmental uncertainty in cloud computing productivity, we additionally consider an interaction 
term of environmental uncertainty with 𝑙𝑛𝐶𝐶𝑖𝑡. Note that the variables entering into interaction terms are 
mean-centered for the ease of interpretation of the main terms. 
Given that our dataset is cross-sectional and time-series in nature, we estimate the empirical model 
using both panel feasible generalized least squares (FGLS) and regressions with panel-corrected standard 
errors (PCSE), which correct for industry-level heteroscedasticity, contemporaneously correlated across 
panels, and panel-specific first-order autocorrelation (PSAR1), as consistent with prior studies (Han et al. 
2011; Ren and Dewan 2015). 
Results 
To examine whether cloud computing has contributed to productivity in U.S. industries, we estimate the 
empirical model using the full sample of 1,254 observations, which pools 57 U.S. industries over 22 years. 
                                                             
1 Source: https://www.statista.com/statistics/270813/projected-cloud-computing-revenue-in-north-america-since-2008/ 
2 Source: https://www.gartner.com/en/newsroom/press-releases/2019-07-29-gartner-says-worldwide-iaas-public-cloud-services-
market-grew-31point3-percent-in-2018 
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Table 2 shows the estimation results. In Column 1, the estimations for the extended production function 
confirm the previous findings on the output elasticity of IT capital and non-cloud IT services outsourcing. 
Our estimate of output elasticity of IT capital (0.23) lies in the range of figures obtained by prior literature 
on IT productivity; According to Stiroh (2005)'s review, the median estimate of output elasticity of IT 
capital was 0.046 in the literature. The elasticity of non-cloud IT services, which accounts for approximately 
89% of total IT services outsourcing, is estimated at 0.12, which is close to that of Han et al. (2011) (0.21 for 
FGLS estimation). However, we find that cloud computing (both SaaS and IaaS) is not significantly 
associated with productivity gains across U.S. industries.  
 
Table 2: Results of Production Function Estimations 
Dependent variable: 
Gross output 
Panel FGLS 
Measure of Environmental Uncertainty 
Standard error of the slope of output regression on time  
Coefficient 
of variation 
Inverse of 
CR4 
(1) (2) (3) (4)  (6) (7) 
IT capital 
0.023*** 
(0.007) 
0.025*** 
(0.007) 
0.034*** 
(0.010) 
0.038*** 
(0.010) 
 
0.016* 
(0.009) 
0.044*** 
(0.010) 
Non-IT capital 
0.241*** 
(0.018) 
0.246*** 
(0.028) 
0.257*** 
(0.022) 
0.237*** 
(0.023) 
 
0.233*** 
(0.024) 
0.302*** 
(0.030) 
Labor 
0.469*** 
(0.018) 
0.466*** 
(0.021) 
0.450*** 
(0.016) 
0.452*** 
(0.016) 
 
0.412*** 
(0.020) 
0.457*** 
(0.024) 
Other intermediate 
inputs 
0.213*** 
(0.007) 
0.215*** 
(0.010) 
0.212*** 
(0.008) 
0.214*** 
(0.008) 
 
0.173*** 
(0.009) 
0.210*** 
(0.011) 
Non-cloud IT services 
0.012** 
(0.005) 
0.004 
(0.006) 
0.012** 
(0.006) 
0.006 
(0.005) 
 
0.008 
(0.005) 
-0.011** 
(0.006) 
Cloud computing 
-0.000 
(0.005) 
 
0.000 
(0.006) 
    
SaaS  
-0.001 
(0.006) 
 
-0.006 
(0.005) 
 
0.003 
(0.004) 
0.008** 
(0.003) 
IaaS  
0.011 
(0.010) 
 
0.015** 
(0.007) 
 
0.013** 
(0.006) 
0.020*** 
(0.007) 
Uncertainty       
-0.671*** 
(0.107) 
Cloud computing × 
Uncertainty 
  
2.919*** 
(0.460) 
    
SaaS × Uncertainty    
0.024 
(0.603) 
 
0.015 
(0.029) 
-0.104*** 
(0.014) 
IaaS × Uncertainty    
3.242*** 
(0.931) 
 
0.400*** 
(0.041) 
0.170*** 
(0.032) 
Industry Fixed-Effects Yes Yes Yes Yes  Yes Yes 
Year Fixed-Effects Yes Yes Yes Yes  Yes Yes 
Observations 1,254 1,254 1,254 1,254  1,254 1,100 
Notes: Standard errors corrected for heteroscedasticity, panel-specific autocorrelation, and cross-sectional correlation, are in 
parentheses. All output and input variables are log-transformed. * p<0.1, ** p<0.05, *** p<0.01. 
 
To reveal heterogeneity in cloud computing’s contributions to productivity gains, we estimate the 
production function including the interaction term between cloud computing and environmental 
uncertainty. The results suggest that environmental uncertainty positively moderates the cloud computing’s 
contribution to productivity (Column 3), and this effect seems to be driven mainly by IaaS, rather than SaaS 
(Column 4). Specifically, Figure 2 depicts that the output elasticity of cloud computing (i.e., the percentage 
change of output per the percentage change of cloud computing investments) by environmental uncertainty. 
The upper figure shows that cloud computing contributes to the productivity of those industries facing high 
environmental uncertainty, it can have an adverse effect under very stable environments (at 5% percentile 
of environmental uncertainty). Separating between SaaS and IaaS, the lower figure presents that the 
contribution of SaaS to productivity (output) is insignificant across all levels of environmental uncertainty 
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and the impact of IaaS becomes positive and significant with medium and high level of environmental 
uncertainty. However, IaaS appears to have an insignificant impact on productivity under relatively stable 
environments with low level of uncertainty. In Columns 5 and 6, these results remain consistent for 
alternative measures of environmental uncertainty. 
 
Figure 2: Output Elasticity of Cloud Computing by Environmental Uncertainty 
 
To evaluate the economic significance of cloud computing productivity, we calculate the gross marginal 
products of production factors, defined as the output produced by one more unit of a given input. Table 4 
presents the marginal product for each factor. As shown in Table 4, the marginal product of IaaS under high 
level of environmental uncertainty (around the median and above) is statistically significant and 
substantially greater than those of non-cloud IT services outsourcing and internal IT capital. 
 
Table 3: Calculation of Marginal Products 
Production Factors Gross Marginal Product 
IT capital 0.65 
Non-IT capital 0.16 
Labor 1.29 
Other intermediate inputs 0.46 
Non-cloud IT services 0.70 (n.s.) 
 
Percentile of Level of Environmental Uncertainty 
5% 25% 50% 75% 95% 
Cloud Computing - SaaS -11.31 (n.s.) -11.17 (n.s.) -11.09 (n.s.) -10.96 (n.s.) -10.71 (n.s.) 
Cloud Computing - IaaS -11.76 (n.s.) 6.89 (n.s.) 18.49 35.31 69.53 
Notes: n.s. denotes insignificance at 95% confidence level. 
 
Discussion 
As the cloud computing continues to evolve and accounts for important IT investments strategies, this study 
examines the economic value of cloud computing investments. Our findings demonstrate that cloud 
computing (IaaS, in particular) contributes to productivity growth especially under highly uncertain 
environments, whereas it can have an adverse effect under very stable environments. For industries facing 
high environmental uncertainty, the marginal products of IaaS are estimated as dozens greater than those 
of internal IT capital and non-cloud IT services outsourcing. In contrast, the impact of IaaS becomes 
insignificant and close to those of IT capital and non-cloud IT services under more stable and certain 
environments. Taken together, our findings echo that the environmental uncertainty plays a critical role in 
shaping the advantages of cloud computing over internal IT capital and traditional IT services outsourcing. 
This study contributes to the literature on business value of IT, which has received great attention from 
prior IS studies (Brynjolfsson and Hitt 1996; Han et al. 2011), by being among the first to empirically 
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examine the economic value of cloud computing investments. Although a few studies examine the effects of 
cloud computing on firm performances (Jin and McElheran 2019), to the best of our knowledge, our 
research provides the first empirical evidence on the contingent effects of cloud computing investments 
depending on environmental uncertainty. Moreover, using a new measure of industry-level cloud service 
purchases, we disentangle the effects of SaaS and IaaS under instable and uncertain environments, 
shedding new light on the distinct roles of SaaS and IaaS in productivity gains.  
For business managers, the benefits and drawbacks of a move to the cloud need to be weighed against 
each other and contemplated carefully. In that sense, our findings imply that investments in IaaS would be 
beneficial when conditions are constantly changing within a business environment. However, it can have 
an adverse effect on productivity under relatively stable environments. Although pay-as-you-go cloud 
services can provide more flexibility and lower hardware costs, the cloud services may be costly than on-
premises applications to run certain computational workloads.  
It is noteworthy that cost savings and productivity growth are not the only dimensions to consider 
when thinking about cloud computing. For instance, it may be worth an increase in costs to run workloads 
in the cloud if it enables the realization of a business goal. For example, DeStefano et al. (2019) suggest that 
older, incumbent firms that adopt cloud computing are more likely to reorganize, decentralizing activities 
farther from the headquarters to grant more local authorities, despite no productivity effect. If business 
growth depends on the ability to scale up rapidly, then it could be justified as a long-term investment for 
global expansion even though cloud services are more costly and undermine productivity in the short term. 
Investigating the role of cloud computing investments in other dimensions of business goals would be a 
fruitful avenue for future research. 
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